SUMMARY The relationship of education to both actual blood pressure and the prevalence of high blood pressure, based on a systolic pressure of 160 mm Hg or greater or a diastolic pressure of 95 mm Hg or greater, was analyzed among 27,033 men and women, white and black, age 25-44 and 45-64, from the Chicago Heart Association Detection Project in Industry. The pressure was present in all groups of whites. This association could not be "accounted for" by differences in age, relative weight, and heart rate among the educational strata. Controlling for these variables did, however, lessen the association. Among black males a significant inverse association between education level and blood pressure was found for the younger group. For the older black males there was a clear inverse association although with the small numbers it did not achieve statistical significance. For black females there was no clear association.
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Chicago area. The total labor force among these companies and institutions was about 80,000 persons. Thus, the volunteer rate for this screening effort was about 50%. In all facilities, all employees were encouraged to participate irrespective of type of job or shift worked.
Of the total group screened, 32,106 were whites or blacks in the age range 25-64; 28,606 of these men and women had complete data on the variables considered in this study. Of this group 1,573 were on hypertensive treatment at the time of screening and have therefore been excluded from the analysis. The remaining 27,033 (14,976 white males, 9,716 white females, 1,087 black males, 1,254 black females) are the subjects of this report.
At each site of employment the standardized tests were administered by two specially trained four-person teams of nurses and technicians. They included a self-administered questionnaire to collect demographic data and information about smoking habits; previous medical diagnoses; current treatment for chronic diseases; measurement of height and weight; a single casual supine blood pressure reading (standard mercury sphygmomanometer, fifth phase diastolic pressure); and venipuncture for determination of serum cholesterol and uric acid, and plasma glucose 1-hour after a 50 g oral load of glucose.
For purposes of analysis, each screenee was categorized by level of education into one of four groups: 1) not a high school graduate; 2) high school graduate; 3) some college; and 4) college graduate. The blood pressure comparisons among these four groups were based on actual blood pressure level, for both systolic and diastolic blood pressure, and on the presence or absence of high blood pressure based on a systolic reading of 160 Other variables such as age, relative weight, and heart rate, which are now known to be related to the prevalence of hypertension,3 4,10 may confound these univariate analyses, if these variables are also inversely associated with education. Table 3 presents the means for age, relative weight, and heart rate by education category for the whites and blacks, respectively, along with the appropriate F-statistic.
For the whites, each of these three variables shows a significant inverse association with level of education. The gradient for relative weight is particularly marked for the women, while heart rate shows a large gradient for the younger men. Because blood pressure tends to increase with age, the differences in age among educational strata have practical import only insofar as they may account for the significant inverse association between blood pressure and education, whereas the findings with respect to heart rate and education and relative weight and education are additionally important in their own right.
For the blacks, the only important associations between these three variables and education are the inverse associations with age and heart rate in the younger black men, and the high relative weights among those with the least education in the two groups of black women.
The data in this table highlights the need for an analysis of the association between blood pressure and education with these other variables controlled. That analysis is presented below. Table 4 presents the adjusted percentages with high blood pressure from the analysis of covariance and the ensuing multiple classification analysis for the four groups in both races. Three analyses of covariance were performed for each age-sex group, one with age as a covariate, a second with age and relative weight as covariates, and a third with age, relative weight, and heart rate as covariates. Three separate analyses were performed so that the relationship between high blood pressure and education might be examined with only age controlled, as was the procedure in most other studies, and with relative weight in addition to age controlled.
When the rates of high blood pressure are adjusted for age differences among the education categories, the significant inverse association between high blood pressure and education persists in all four groups of whites, with the association remaining significant with P < 0.005 in three of the four groups. When the percentages of high blood pressure are further adjusted for differential relative weights among the education categories, the differences in percent with high blood pressure decrease but continue to be statistically significant for all groups but women 2544. The addition of heart rate further reduces the differences among the four educational strata. Controlling for heart rate and relative weight "accounts for" 51% of the remaining difference in percent with high blood pressure between the highest and lowest education categories for the younger men, 100% for the younger women, 50% for the older men, and 63% for the older women, after controlling for the age differentials among the categories. Although controlling for age and in addition relative weight and heart rate substantially reduces the differences in percent with high blood pressure between the highest and lowest education categories, the overall differences among the four educational strata remain statistically significant for three of the four groups.
In the four groups of blacks, the only significant univariate association between high blood pressure and education occurred among the younger black males (table 1). In the analyses of covariance, this significant association did not persist when adjustment for age differentials among the educational strata was made. Although none of the results from the analyses of covariance are statistically significant for any of the groups of blacks, in both groups of black males, an inverse relationship between high blood pressure and education is clearly present, regardless of the set of adjusting variables. The fact that these associations are not statistically significant may be due to small numbers, rather than to the lack of a real association. If the magnitude of the differences are real, they represent an important biological phenomenon. No association between blood pressure and education can be noted among the black women of either age group. For the younger black men, controlling for heart rate and relative weight "accounts for" 17% of the difference between the highest and lowest education categories after controlling for age differentials. For the older black men the difference between these two education categories actually increases when heart rate and relative weight are included.
An important finding in table 4 is the similarity of the relative increase in the age-adjusted prevalence of high blood pressure between the highest and lowest education categories for the four groups of whites and the two groups of black males. The increased prevalence for the least educated when compared to the best educated is, in white males 25-44, 63%; white males 45-64, 54%; white females 25-44, 70%, white females 45-64, 47%; black males 25-44, 70%; and black males 45-64, 43%. Although the overall rate of high blood pressure differs substantially in these six groups, the relative effect of low education versus high education is remarkably consistent among these six groups.
Among the whites better than half of this increased prevalence among the least educated is explainable by differences in relative weight and heart rate. Among blacks very little of this increase is explainable by differences in these two variables. Although the findings among the black males are not statistically significant, a result that may be due to the small numbers, the comparability of the differences among whites and blacks represents an important finding.
Analyses using the four blood pressure cut points, systolic . 160, systolic _ 140, diastolic -95, and diastolic 2 90, were also performed on these data. The results were similar to those presented above.
Utilizing the same three sets of covariates, analyses of covariance using actual blood pressure were also performed on these data. The results were similar to those presented utilizing percent with high blood pressure, and are therefore not presented in detail. For the whites, although adjusting mean systolic and diastolic blood pressures for differences among education categories in age, relative weight, and heart rate substantially reduced the differences in the mean pressures among the categories, the differences remained statistically significant, although sometimes small. For the black males the differences in mean pressures among education categories were larger than those for the whites of the same age but were generally not statistically significant. Discussion Results of this study indicate that blood pressure is inversely related to education level in young adult and middleaged white American men and women, and that this association persists when the data are adjusted for age, relative weight, and heart rate. These data also suggest that education may be inversely related to blood pressure among both young adult and middle-aged black males. The National Health Examination Survey in its 1960-62 sample found a trend toward lower prevalence of hypertension with increasing education, especially for white women. 5 The only variable controlled in this analysis was age. The NHES also found in white children 6-11 years old a weak but significant association between blood pressure and parental education.'3 The Framingham Study found that for men and women age 30-59 the mean systolic blood pressure of the most highly educated group in each of the three decades of age was less than that of the less well educated.6 The greatest differences were observed in the upper two decades (7 mm Hg in men and 12 mm Hg in women). The differences were statistically significant; no other possibly confounding factors were controlled. Data from the Chicago Peoples Gas Company study for men age 40-59 also suggest that men with the greatest education tend to have lower blood pressures than men with less education.7 Again, no other variables were controlled. The Hypertension Detection and Followup Program (HDFP) examined the relationship between hypertension and education in whites and blacks age 30-69.1 An inverse association between hypertension and education was found for both whites and blacks, males and females. It tended to persist after stratifying both for age and relative weight, although the relationship was stronger among the younger ages than the older. A further conclusion from the HDFP study was that differences in socio-economic status as measured by level of education could not explain the differences in the prevalence rates of hypertension between blacks and whites. Hauser and Kitagawa in a study on differential mortality based on a matching of death certificates to the 1960 population census schedules found among males and females age 25-64 decreasing mortality from hypertensive heart disease with increasing education.9 In contrast to these U.S. findings, in a study of 10,000 Israeli men age 40-60, multiple regression analysis showed no association between systolic blood pressure and years of education.'0 A large number of variables were controlled in this analysis.
Thus, the present findings are in agreement with the results of other U.S. studies suggesting an inverse association between level of education and blood pressure. This report both documents and quantitates this association while controlling for three other variables known to be related to blood pressure, i.e., age, relative weight, and heart rate. When differences among education categories are adjusted for age, for all four white age-sex groups, there is a significant inverse association between the prevalence of high blood pressure and level of education. Those with the least education have from 47% to 70% more high blood pressure than those with the most education.
For both groups of black males, when differences among education categories are adjusted for age, there is a clear inverse association between blood pressure and education, but this association is not statistically significant, given the small numbers of blacks. The relative differences in the rates of high blood pressure for the lowest and highest education groups are comparable to the statistically significant results in the whites.
Because relative weight is known to be positively related to the development of hypertension,2"4,10 and because relative weight is also inversely related to education among the study group, analyses controlling for relative weight differences among the education categories were also performed. For the white females, the association that remains is no longer very large or important, the results among the older women being significant based on the sheer size of the numbers. Among white males, the sizes of the differences among the strata that remain are both statistically significant and important.
Heart rate has also been shown to be strongly related to blood pressure. However, it is unclear whether there is any cause-and-effect relationship, or whether the association is the result of a common influence on both (e.g., adrenergic activity).2' 3 The finding that adjustment for heart rate further diminished blood pressure differences in educational strata should therefore be viewed with caution.
For the blacks, none of the results in the four groups were statistically significant when adjusted for all three variables. However, among the black males little of the important inverse association that remained after controlling for age could be "accounted for" by differences in relative weight and heart rate. Thus, for black males the differences remain biologically important, although not statistically significant, given the small numbers. For the black women the results remained inconsistent and inconclusive.
Hypertension is one of the three major risk factors for the atherosclerotic diseases.14-l1 Therefore, it is reasonable to hypothesize that differences among educational strata in blood pressure and in Lhe rate of high blood pressure will be parallelled by differences in the incidence and mortality rates from the atherosclerotic diseases. In this regard, Hauser and Kitagawa found for both white males and white females, age 25-64, decreasing cardiovascular mortality with increasing education.9 They also found for both whites and blacks, male and female, an inverse association between all causes of mortality and education. The only variable controlled in these analyses was age. In a five year study of Although these studies tend to indicate that education is related to the incidence of coronary heart disease, they do not answer the question as to whether or not education is independently related, i.e., apart from an association with other known cardiovascular risk factors. This point is particularly important in view of the large differences both in heart rate for white males by level of education and in relative weight for white females by level of education in the present study. The differences in blood pressure, heart rate, and relative weight by level of education found in the present study and elsewhere might well "explain" the previous findings suggesting an association between heart disease and low educational status. At the very least the differences should be much smaller when these other variables are controlled.* Although controlling for relative weight and heart rate did not completely eliminate the differences in blood pressure among the various educational strata, the inclusion of additional variables might eliminate such differences. An analysis was performed on these data with somewhat smaller numbers controlling for uric acid and plasma glucose in addition to the other three variables with similar findings. The differences among the educational strata continued to persist.
A further and more difficult question that cannot be answered by this study is the why of the inverse association between blood pressure and education. On a priori grounds there does not seem to be any reason for this finding, although as Fuchs20 indicates, the less educated tend to have more health problems generally than the better educated. What is the mechanism between blood pressure and education? Two possible and testable answers to this question are diet and factors which affect the central nervous system. For example, with respect to diet, do the less educated tend to have higher salt intakes than the better educated? While these and other explanations may be valid, at this time the mechanism that causes hypertension to be inversely related to education remains to be discovered.
*The participants of this screening project are currently being followed to mortality, and one of the questions that will be examined is the association between education and coronary mortality.
